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Results of a  large series of determinations of calcium and inorganic 
phosphorus in the blood of normal rabbits were reported in a previous 
paper  (1).  These results were based on repeated examination of the 
blood of the same animals,  continued over periods of 4  to 8 months. 
A  parallel  series  of  blood  analyses  was  made  on  small  groups  of 
animals within a  few days after they were received from the dealer, 
for  the  purpose  of  determining  whether  the  calcium  and  inorganic 
phosphorus in the blood of rabbits, as they come to the laboratory from 
outside sources, differed in any way from that of rabbits living under 
the  usual  laboratory  conditions.  The  results  of  this  investigation 
are presented in the present paper in the form of a comparison of group 
means, variability and distribution frequencies. 
Material and Methods. 
The results to be reported are based on determinations of calcium and inorganic 
phosphorus in one sarape of blood from each of 111  male rabbits distributed as 
follows: 
Oct. 8, 1926  ............................................  10  rabbits 
Nov. 17, 1926  ...........................................  10  " 
Jan. 7-14, 1927  .........................................  21  " 
Feb. 4, 1927  ............................................  11  " 
Mar. 11, 1927  ...........................................  32  " 
Apr. 29, 1927  ...........................................  10  " 
May 25, 1927  ...........................................  9  " 
June 8, 1927  ............................................  8  " 
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The blood of the first group of animals and of some of those in the third group 
was not examined until they had been in the laboratory about 10 days; in other 
cases, the analyses were  made between 1 and 3 days after the animals were received 
from the dealer. 
These animals were comparable with those used for repeated determinations of 
calcium  and inorganic  phosphorus.  In fact, the observations  on the October  group 
of this series were continued, constituting Group I of the series of repeated deter- 
minations already reported upon, while parts of the January and March animals 
formed  Groups  IH and IV respectively  of the first series. 
Calcium and inorganic phosphorus were determined in  accordance with the 
methods  described  in the previous  paper (1). 
The  results of  these determinations have been combined and ana- 
lyzed as a  single group in order to provide a basis for direct comparison 
with  results  obtained  by  repeated  examination.  For  convenience, 
the  series  of  repeated determinations will be designated as Series I, 
and  the  single determinations as  Series  II.  A  summary of results 
is  given in  Table  I  which, in  addition to  the values for  Series  II, 
contains  the  highest and lowest group values for Series I  as well  as 
the combined values for all groups  of  the  series.  As an aid  to the 
interpretation  of  these  results,  the  differences between mean values 
and the relation of these differences to their probable errors have also 
been  tabulated  (Table II).  Tables III to V give the distribution fre- 
quencies for Series II with corresponding combined values for Series I. 
These relations are shown graphically in Text-figs. 1 to 7. 
RESULTS. 
The  results  of  the investigation are summarized in Tables I  to V 
and Text-figs. 1 to 7. TABLE  I. 
Values for Series of Single and Repealed Determinations  of Calcium and 
Calcium 
Series  I  High 
Low 
Combined 
Series II 
Inorganic phosphorus 
Series  I  High 
Low 
Combined 
Series II 
Sum 
Series  I  High 
Low 
Combined 
Series II 
Product 
Series  I  High 
Low 
Combined 
Series II 
Calcium-phosphorus ratio 
Series  I  High 
Low 
Combined 
Series II 
Product-sum ratio 
Series  I  High 
Low 
Combined 
Series II 
Sum of two ratios 
Series  I  High 
Low 
Combined 
Series II 
Inor lanic Phosphorus. 
Standard  CoeSqcient  of 
Mean  deviation  variation 
rag.  per 100 c¢.  rag. l~er 100 ¢.c.  per cent 
15.84.0.06 
15.34.0.06 
15.64-0.03 
15.44.0.09 
4.96 -4-0.04 
4.114.0.04 
4.514.0.02 
5.404-0.06 
Absolute values 
20.84-0.06 
19.64-0.06 
20.14.0.04 
20.84-0.11 
78.14.0.6 
64.04-0.8 
70.24-0.3 
83.34.1.03 
3.834-0.04 
3.304-0.04 
3.57-4-0.02 
2.954-0.04 
3.75+0.02 
3.244-0.02 
3.47-4-0. O1 
3.95 4-0.03 
7.07±0.03 
7.02:t:0.02 
7.04±0.01 
6.91=t:0.02 
1.12 
1.30 
1.25 
1.42 
0.80 
0.51 
0.78 
0.91 
Absolute values 
1.01 
1.31 
1.29 
1.70 
10.8 
10.6 
12.0 
16.0 
0.53 
O. 65 
0.72 
0.57 
0.42 
0.33 
0.44 
0.51 
0.41 
0.45 
0.40 
0.37 
7.09 
8.50 
8.01 
9.20 
I6.13 
12.41 
17.29 
16.85 
4.86 
6.68 
6.42 
8.17 
13.83 
16.56 
17.09 
19.22 
13.84 
19.70 
20.17 
19.32 
11.20 
10.19 
12.68 
12.91 
5.80 
6.41 
5.68 
5.35 
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TABLE  II. 
Differences between Group Means as Compared with Their Probable Errors. 
]~ ifferenc~ 
Calcium 
1.  Series I, highest and lowest values ...............  D. 5 rag. 
2.  Series I, combined value and Series II ...........  9.2  " 
3.  Series I, combined and highest values .............  9.2  " 
4.  Series I, combined and lowest values ..............  9.3  " 
Phosphorus 
1.  Series I, highest and lowest values .................  85 mg. 
2.  Series I, combined value and Series II .............  89  " 
3.  Series I, combined and highest values  ..............  45  " 
4.  series I, combined and lowest values ...............  40  " 
Sum 
1.  Series I, highest and lowest values  ................  1.2 
2.  Series I, combined value and Series II ............  0.7 
3.  Series I, combined and highest values  .............  0.7 
4.  Series I, combined and lowest values  ..............  0.5 
Product 
1.  Series I, highest and lowest values ................  t4.1 
2.  Series I, combined value and Series II ............  13.1 
3.  Series I, combined and highest values  ............. 
4.  Series I, combined and lowest values  .............. 
Ratio of calcium to phosphorus 
1.  Series I, highest and lowest values  ................ 
2.  Series I, combined value and Series II ............ 
3.  Series I, combined and highest values  ............. 
4.  Series I, combined and lowest values  .............. 
Ratio of product to sum 
1.  Series I, highest and lowest values  ................ 
2.  Series I, combined value and Series II ............ 
3.  Series I, combined and highest values  ............. 
4.  Series I, combined and lowest values  .............. 
Sum of two ratios 
1.  Series I, highest and lowest values  ................ 
2.  Series I, combined value and Series II ............ 
3.  Series I, combined and highest values  ............. 
4.  Series I, combined and lowest values  ............. 
7.9 
6.2 
0.53 
0.62 
0.26 
0.27 
0.51 
0.48 
0.28 
0.23 
0.05 
0.13 
0.03 
0.02 
Difference 
P.E. 
15 
14 
10 
9 
14 
6 
10 
7 
14 
9 
12 
7 
9 
15 
6 
6 
18 
15 
13 
11 
1 
6 
Less than P. E. 
Less than P. E. "~l? 
cent, 
4(3 
30 
2P 
80 
lP 
10 
0 
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TABLE  III. 
Distribution  of Values for Calcium and Inorganic Phosphorus. 
Inorganic  Calcium  Series I  Series II  phosphorus  Series I  Series II 
rag. l~er I00 co. 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
.lbo' ~nt 
0.34 
1.33 
5.66 
21.32 
35.77 
22.79 
9.67 
2.66 
0.17 
0.17 
0.17 
t~rcent 
1.80 
13.52 
23.42 
25.23 
18.02 
13.52 
3.60 
0.90 
mg. per 100 c~. 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
6.50 
7.00 
7.50 
8.00 
c#nl 
0.85 
6.18 
18.89 
25.60 
22.58 
15.05 
5.52 
4.02 
0.99 
0.17 
0.17 
1.80 
1.80 
11.92 
17.12 
27.92 
14.41 
13.52 
7.20 
1.80 
1.80 
0.90 :i 
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TABLE  IV. 
Distribution  of Values for Sum and Product. 
Product  Series I  Series II  Sum values  Series I  Series II  values 
15.0 
16.5 
18.0 
19.5 
21.0 
22.5 
24.0 
25.5 
27.0 
percent 
0.51 
4.86 
24.79 
45.39 
19.44 
3.35 
0.17 
0.17 
per cent 
4.50 
16.22 
34.23 
27.03 
13.52 
3.60 
0.90 
35.0 
45.0 
55.0 
65.0 
75.0 
85.0 
95.0 
105.0 
115.0 
125.0 
per cent 
1.00 
8.53 
24.30 
33.67 
21.28 
8.04 
2.51 
0.66 
per ce~ 
2.70 
7.20 
22.52 
25.22 
20.72 
10.81 
5.40 
4.50 
0.90 c~'Lt 
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20 
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TABLE  V. 
Distribution of Values for Ratios of Calcium to Inorganic Phosphorus and 
Calcium- 
phosphorus 
ratio 
values 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 
6.00 
Product to Sum and 
Producl 
~ries  I  Series II  sum rati 
values 
1A',O  1.50 
6.20  18.!,2  2.00 
7.59  31.~;3  2.50 
:4.63  32.,~  3.00 
13.79  9.!q  3.50 
6.76  3.1~)  4.00 
9.21  1.l,0  4.50 
1.34  5.00 
0.17 
0.34 
for the Sum of the Two Ratios. 
Values 
~ries I  Series II  for sug  of two 
ratios 
~r c¢1 ~  ~erce ~ 
5.50 
0.~4  6.00 
2.~3  1.~;0  6.50 
~).~4  16.::1  7.00 
12.49  36.!P3  7.50 
1.72  28.~  8.00 
1.~1  13.~12  8.50 
0.17  2.'~'0 
;ties I  Series II 
cent  per cenl 
0.34 
6.03  13.51 
A. 73  47.75 
;4.17  33.34 
3.22  5.40 
1.01 
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DISCUSSION AND CONCLUSIONS. 
From an analysis of the results obtained by repeated determinations 
of  calcium and  inorganic phosphorus  in  the  blood  of 4  groups  of 
rabbits, it was found that, under the conditions employed, both the 
absolute  and relative amounts of these  substances .were subject to 
considerable variation.  The question to be determined by the present 
investigation is whether a change in the experimental conditions which 
eliminates the factors of increasing age and prolonged cage life in the 
laboratory tends to produce results of the same or of a different  order. 
The mean value  for calcium  (Table  I)  is well  within  the  limits 
established for animals living under laboratory conditions,  and the 
value for the  sum of the  calcium and inorganic phosphorus is  the 
same as the highest mean value for the previous series, but in no other 
case does the mean for the present group of animals fall within these 
limits.  The  mean  value  for  inorganic phosphorus  is  considerably 
higher; the product and the ratio of the product to the sum are also 
higher, while the ratio of calcium to phosphorus and the sum of the 
two ratios are lower. 
In the case of calcium, the difference  between the mean and the mean 
of the combined values of Series I is 0.2 rag.  This difference is of the 
same order as that shown by the highest and lowest mean values of 
Series I  as compared with the combined value, but is less than the 
extreme difference of 0.5  rag.  One  may conclude,  therefore, that 
the mean value obtained for calcium,  in the present instance, does 
not differ significantly from values obtained under the other experi- 
mental conditions (Tables I and II). 
The difference between the mean value for inorganic phosphorus 
and the basic value for Series I is, however, greater than that between 
the highest and lowest mean values of the series, and is approximately 
twice as large as the difference  between these values and the combined 
value for the series (Tables I and II).  The value for inorganic phos- 
phorus is definitely outside of the limits established for Series I, and 
the difference between the two sets of results is many times the prob- 
able error; so that, in this case, it is certain that the higher value for 
inorganic  phosphorus  is  significant.  In  this  connection,  it  is  of 
interest to note that the highest value of Series I  was given by the 574  CALCIUM  AI~-D INORGANIC  PHOSPHORUS  IN  BLOOD.  II 
youngest animals, and that the observation period on these animals, 
or the period of confinement  in the laboratory, was the shortest. 
A similar comparison of the figures given for the sum of calcium and 
inorganic  phosphorus  shows  that  the  value  obtained  represents  a 
deviation from our basic value which is  comparable to that found for 
animals living  under laboratory  conditions.  The  mean value is  in 
fact identical with that for the youngest group of animals so living, 
but the results differ in other respects as will be pointed out later. 
The increase of the product value above the standard mean (Series I) 
is approximately equal to the extreme difference between group means 
of Series I and nearly twice the deviation shown by high and low values 
of the series from the standard mean.  The shift in the product values 
assumes the same direction as that for the inorganic phosphorus con- 
tent of the blood and has virtually the same significance. 
The deviation of the calcium-phosphorus ratio from the combined 
value of Series I  is greater than that shown by any of the groups in 
that series,  and represents a  definite downward shift.  The ratio  of 
the product to the sum changes nearly, but not quite as much in the 
opposite direction, giving a value for the sum of the two ratios which 
is again well below the limits for Series I. 
The  probability  of the  chance occurrence of  differences between 
mean  values  of  the  magnitude  of  those  obtained  is  indicated  in 
Table II. 
A  comparison of the variability and of the distribution of the two 
sets of calcium and phosphorus determinations is just as instructive 
as a comparison of mean values, but no attempt will be made to follow 
this out in detail.  By reference to Table I,  it  will be  seen that,  in 
most cases, the standard deviation for Series II exceeds the maximum 
value  for  Series I,  while the  coefficients of variation  show  a  closer 
agreement and are in most cases of a comparable order. 
The distribution frequencies are especially interesting in that they 
show differences in the composition of the two sets of results that are 
not brought out in any other way (Tables III to V  and Text-figs.  1 
to  7).  For example, while the mean values for calcium show a com- 
paratively close agreement, the composition of these means is  quite 
different (Text-fig. 1).  The distribution of individual determinations WAIm ~.  BROWN  575 
covers essentially the  same range,  and both  curves are  fairly sym- 
metrical.  But,  in Series I,  a  higher proportion of values is grouped 
about the mean, while in Series II the percentage of values in both 
the  upper  and  lower  ranges  is  greater,  giving  a  larger  standard 
deviation and a larger coefficient  of variation. 
In all other cases, irrespective of the agreement between means or 
of differences in variability, the range covered by the observations on 
Series II differs from that of Series I.  The form of the curves is much 
alike, indicating that they are produced by variants of the same class, 
but the axis of distribution moves upward or downward on the scale 
of values, showing that there are quantitative differences in the com- 
position of the two sets of results.  The curves for the sum of the ratios 
of calcium to inorganic phosphorus and of the product to the sum show 
the closest agreement, but the agreement is not as close as that shown 
by the 4 groups of Series I.  It appears, therefore, that even in this 
case there is a  significant difference, and this supposition is borne out 
by the fact that  the  difference between' mean values is  6  times its 
probable error. 
Comparison of the two sets of results leads to the conclusion that the 
calcium and inorganic phosphorus in the blood of rabbits, as they are 
brought into the laboratory, may differ to a considerable extent from 
that of rabbits living under laboratory conditions.  Grant and Gates 
(2) found that caging for periods as long as 7 weeks increased the cal- 
cium content of the blood, but in the present instance inorganic phos- 
phorus  and  the  relations  between  calcium  and  phosphorus  were 
affected more  than  the  absolute  values  for  calcium.  The  evidence 
presented  in  this paper  is  not sufficient to  warrant  any  conclusion 
concerning the  extent  to  which  age  as  distinguished  from  living 
conditions may have affected the results.  The influence of these and 
other factors is sho~m to better advantage  by comparing the results 
of consecutive observations on the two series of animals.  This aspect 
of the investigation will be presented in a subsequent paper. 
SUMMARY. 
Determinations of calcium and inorganic phosphorus were made on 
the blood of a large series of  rabbits as they were received from the 576  CALCr0~f AND  INORGANIC  PHOSPHORUS  IN BLOOD.  II 
dealer for the purpose of determining whether results  obtained  under 
these conditions differed from those obtained by repeated observations 
on animals living in the laboratory. 
It was found that the results differed in the two cases, due largely to 
a decided difference in the inorganic phosphorus content of the blood; 
but the values for calcium were also affected. 
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